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Abstract 
Modern engineering systems are large-scale and complex by their nature.  The complexity leads to significant commitments of 
resources early in the life-cycle, before all foundational decisions have been made.  The architecting process allows many design
concepts to be created and evaluated early in the life-cycle.   The most satisfactory architectures are then qualified for development.
There is a lack of inexpensive tools readily available to apply towards systems architecting evaluation.  This paper sets forth a cost 
effective and efficient method to assess architectural design and its ability to meet the needs set forth by stakeholders.  The method 
utilizes common office applications and universal engineering problem solving techniques to calculate quantitative scores to select 
the optimal architecture.  Multiple architectures were evaluated and the model was able to ascertain the most suitable architecture 
against the reference criteria. Through the use of Kiviat charts and algebraic manipulation a quantitative method for evaluating
systems architectures can be easily implemented using Microsoft Excel. A benefit of this method is cost savings found in utilizing 
common software to address systems architecture. This method is well suited to systems engineering, especially in smaller scale
start-up and niche engineering companies. 
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1. Introduction 
Increasing complexity and scale of modern systems, in civilian and governmental environments, has made it 
critically important that a system architecture be optimized to provide the needed capabilities before physical 
engineering artifacts are created.  Early in the development life-cycle, when ambiguity is very high and system-specific 
knowledge is limited, it is estimated that 50%-75% of the development cost has already been committed due to 
engineering design and management decisions. [1]  During the conceptual development stages, it is necessary to 
optimize the system architecture before the majority of the limited financial resources have been committed.  It is 
necessary, therefore, to engage in the system architecting process to define a set of measures which produces an 
internally consistent evaluative rubric.  The rubric may be applied, universally, across multiple architectures providing 
a usable pragmatic metric by which the most advantageous architecture may be determined. 
The system architecting process involves the hierarchical reduction of ambiguity where a set of alternatives is 
evaluated so that the most suitable option is selected. [2]  The creation of alternatives must contend with four principles: 
Ambiguity, an infinitely large solution space, new technology introduction, and complex system design.  Each of these 
elements negatively impacts the architecture generation.    “The idea here is that most requirements and needs should 
be defined before a system is built.  Therefore, assessment results will allow stakeholders to see the extent to which 
each requirement is fulfilled.” [3] The architecture generation process strives to mitigate these four principles’ effects 
through the deconstruction of complex ideas, identification of constraints and grouping of components.  The final 
result culminates in a foundational structure that defines the aesthetics, functionality, scope, interactions and behavior.  
This process can produce many system architectures which all address the desired final functionality. 
While the theoretical benefits of architecture assessment are well understood, implementation is often difficult, 
especially in situations where systems engineering has not taken hold or only has token representation.  A robust, easy 
to implement and effective architecture assessment process is needed.  The methodology put forth in this paper 
accomplishes optimal architecture selection using common business application software and universal engineering 
problem solving techniques.  The method specifically embraces the use of MS Excel in the evaluative process. MS 
Excel’s adaptable capability united with its universal presence in business situations makes it the perfect tool to 
spearhead systems engineering advancement into frontier boundary circumstances.  This allows systems engineering 
to pioneer into new arenas of application.  As such, adapting the tools of business, instead of requiring extensive 
programming skills or expensive domain specific software, makes the expansion of systems engineering easier, faster, 
and more economical. 
This paper illuminates an architecture assessment method readily available in every business situation.  The method 
provides a quantitative score by which to select an optimal architecture and also delivers a qualitative assessment of 
the relative strengths and weaknesses based upon desired performance attributes.  Both evaluations help stakeholders 
to make informed decisions about which architecture is most beneficial to them.  Once the method is implemented, 
stakeholders can manipulate values to see how small changes affect the architecture’s overall performance. It is, in 
effect, a quick, simple, and utilitarian method to evaluate large complex systems.  It is inexpensive to deploy and 
provides the capacity to bring better and more complex systems to market quicker and at lower development costs. 
2. Architecting Process 
Systems architecting must be driven by the client’s purposes and needs; it is the fruit of collaborative interaction 
between the architect and the client.  The needs of a client can be subdivided into three basic elements of architecting: 
capability, behavior and performance parameters. These are the necessary inputs for the architecting process.  The 
desired capabilities and behaviors are used to engineer multiple architectures.  The performance parameters are used 
to evaluate the architectures. 
The desired capability is driven by the client’s purpose as documented in a Needs Statement. In the process of 
architecting it is necessary to explore and fully mine the panoramic needs of the client.  The necessary performance 
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parameters, the “rubber hits the road” outcomes that the system must provide, must be procured from the customer 
before architecting can take place.  The performance parameters are documented as Key Performance Attributes 
(KPAs).  The KPAs articulate high level objectives to the general problem elicited from the customer. These KPA’s 
become the basis for how the architecture is measured. 
As an exemplar, 5 KPAs identified during an architecting process are listed below.  The number of KPAs in a 
specific situation will vary based upon need.   The KPAs and their definitions for this architecting process are ranked 
in relative importance from most to least important in Figure 1 below. The evaluation guidelines are broken down into 
four areas Unacceptable (with a score of 1), Marginal (2), Acceptable (3), and Excellent (4).  In this case, the values 
which determine Unacceptable, Marginal, Acceptable, and Excellent were defined by the specific needs of an ongoing 
program.  The values are dependent upon what is needed in a specific architecting process. The KPAs will be used to 
grade or assess the overall architecture. 
2.1. Architecture Assessment Model 
The architecture assessment model is based on a nested hierarchy structure, where each successive level is 
evaluated based on the results attained at a lower level.  Each successive model in the structure provides inputs to the 
model above.  Each model in the structure is a function of the input values.  For example, the overall architecture 
assessment is a function of the all the KPA values. 
݂ሺܭܲܣଵǡ ܭܲܣଶǡǥǡ ܭܲܣ௡ሻሺͳሻ
The KPAs provide an overall assessment of how well the architecture achieves the needed capability.  At each of 
the levels of the Functional Architecture different types of measures will be required to assess how well each function 
is achieved.  The hierarchy of measures is as follows: 
x Key Performance Attribute – KPAs are the evaluative components of a system architecture.  
x Measure of Effectiveness – MOEs are the measure of operational success, which provides insight into the 
accomplishment of the mission needs, independent of the chosen solution.    
x Measures of Performance – MOPs are measures that characterize the physical or functional attributes of 
that systems operation.  
x Technical Performance Measure – TPMs are a measure of the attributes of a system element.   
Assessment models should be applied at representative levels of demarcation (e.g. KPA, MOE, MOP, and TPM). 
Figure 1: KPA Evaluation Guidelines and Assessment Values
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For example, TPM values are the inputs for a MOP assessment model, which results in a MOP value.  MOP values 
are the inputs for a MOE assessment model, which results in a MOE value.  The MOE values are the inputs for a KPA 
assessment model, which results in a KPA value.  The structure for a single KPA assessment model is shown in Figure 
2(a). 
In a similar manner, all of the KPA values are the inputs for the overall architecture assessment model, as seen in 
Figure 2(b).  The models in the architecture assessment may be qualitative or quantitative in nature. 
2.1.1. Kiviat Chart Assessment Method 
The Kiviat method can be used at any level of the nested hierarchy structure to aid in evaluation.  As such, it can 
be utilized in reference to MOPs, MOEs, or KPAs.  In this example it is being applied at the top KPA level to assess 
the overall architecture. 
The method utilizes a Kiviat chart representing the overall efficacy of an architecture.  In Figure 3 a Kiviat produced 
from the exemplar is shown. In this case, there are five axes that correspond to each of the defined KPAs, though any 
number of axes may be used for specific architecting evaluation.  The shape defined by the lines between the axes 
represents the architecture under evaluation. 
a b
Figure 2: Example of a Nested Hierarchy Structure for a KPA Assessment Model
Figure 3: Kiviat Chart showing example KPA values
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2.1.1.1. Quantitative Assessment 
The visual of the Kiviat chart does provide a qualitative assessment of the architecture, but a quantitative value is 
needed to definitively show that one architecture is better than another.  To do this, the figure of merit must be 
calculated.  The figure of merit is defined as the area inscribed by the Kiviat shape. [5] 
The area of the Kiviat shape is defined by the sum of the areas of the constituent triangles, each given by  
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Where X and Y are the lengths of the sides of each triangle, and N is the number of KPAs.  The area of the entire 
Kiviat shape is given by 
ܣݎ்݁ܽ௢௧௔௟ ൌ ෍
ͳ
ʹ ௜ܺ ௜ܺାଵ
 ൬
ʹߨ
ܰ
൰
ே
௜ୀଵ
ሺ͵ሻ
Where each Xi is the corresponding value of a KPA.  In like manner the maximum area of the Kiviat chart can be 
calculated using the maximum values set forth by the evaluation criteria.   
ܣݎ݁ܽெ௔௫௜௠௨௠ ൌ σ
ଵ
ଶ
ܼ௜ܼ௜ାଵ  ቀ
ଶగ
ே
ቁሺͶሻே௜ାଵ         
Where each Zi is the maximum value of a KPA and N is the total number of KPAs.  Using the values from 
Equations (3) and (4) a determination of the overall architecture assessment value is given by 
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Where Z is the maximum value for the KPAs. 
2.1.1.2. Qualitative Assessment 
It is possible that different architectures may assess to equal or nearly equal values.  In cases such as these it is 
necessary to have a secondary evaluation tool to break a deadlock.  This may be achieved by calculating the centroid 
of the Kiviat shape, and determining which KPA(s) a particular architecture is weighted toward.  The equations for 
centroid of a non-self-intersecting polygon defined by N vertices (x1, y1), (x2, y2), …, (xN, yN) are 
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Where A is the Area of the polygon, Equation (3).  Using the coordinates of the centroid (Cx, Cy) the distance to 
each KPA value can be determined using the distance formula, given by 
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The smallest distance indicates which KPA is the most significantly weighted for a particular architecture.  An 
example depicting both, the quantitative and qualitative, assessment schemes is shown in Figure 4. 
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3. Functional Architecture Assessment 
For the functional architecture assessment, estimates were used to populate the model based on how well the 
architecture addressed each functional area. 
Two differing architectures are assessed below on how well they addressed the defined KPAs.  The resulting Kiviat 
charts and their assessment scores are shown in Figure 5(a) and Figure 5(b).  Both Architecture A and B achieved an 
overall score of 2.550. 
Since the two architectures have an identical assessment score, the secondary evaluative method was utilized. 
Architecture A has a weighting toward the expediency KPA, depicted in Figure 5(a), and Architecture B has a 
weighting toward the Robustness KPA, depicted in Figure 5(b).  Expediency is rated higher than Robustness according 
to Figure 1, where the KPAs are provided in ranked order.  Therefore Architecture A is the preferred architecture. 
Figure 4: Example of Kiviat Chart Assessment with Quantitative and Qualitative Values
a b
Figure 5: Architecture Assessments for (a) Architecture A and (b) Architecture B
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4. Conclusions 
In summary, the architecture assessment methodology using Kiviat shape area and centroid enhancement 
methodology is computationally simple and effective.  Though there are many more advanced methodologies 
available, they come with an increased cost in dollars and a need for specialized skills.  For engineering projects, 
where cost margins are tight and schedule won’t allow for a redesign effort, utilization of this assessment process 
provides a pragmatic and cost effective way to identify the preferred architecture. The described process provided the 
best solution and could be implemented in future projects, in a low cost manner, which could greatly increase the 
possibility for success. The architecting method and assessment created is cost effective, outcome oriented, 
efficacious, applicable, pragmatic, and has almost universal application opportunities in multiple environments due to 
the near ubiquitous presence of the software utilized.
The Kiviat area and centroid technique is relatively easy to implement using Microsoft Excel.  The area calculations 
provide a quantitative value to assess the overall architecture against the KPAs. The generated Kiviat charts are 
intuitively easy to comprehend and evaluate. The centroid mapping is also inherently understandable without any 
additional training for the viewing population.  The process produces a qualitative value by which to effect decision 
making. In total, the process not only produces a metric well suited to engineers, but it is also readily accessible to 
stakeholders and other high value contributors, such as accountants or business managers,  who may not possess an 
engineering mindset. 
The process and assessment method are well suited to applications in the frontier boundary of Systems Engineering 
application.  The low cost and high accessibility of this methodology would allow for underlying systems engineering 
processes to be applied, effectively, in complex environments which would benefit from a systems approach.  
Specifically, this would allow for growth into areas which have not historically utilized Systems Engineering but who 
would greatly benefit from the application of a systemic hierarchical reduction of ambiguity. 
Lastly, the centroid calculations, while quantitative in nature, are expressed as a qualitative expression (e.g. 
weighted toward the Accuracy KPA).  Automated decision making using the quantitative expression is arduous using 
Excel.  Further work is warranted in this area to determine if there is an effective way to utilize the values provided 
by the centroid technique in a way that lends itself to a more automated approach to architecture generation.
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